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Abstract 
A rapid and simple technique was developed to identify free fatty acids in mixtures by the surface-assisted laser 
desorption/ionization time-of-flight mass spectrometry (SALDI-TOF MS) using powdered carbon aerogels as a “matrix”. A 3% 
solution of a neutral surfactant Triton X-100 was used as a fixing agent of carbon particles as well as a suppressor of background 
peaks. The extraction of free fatty acids from Brassica napus (rape) and Brassica rapa (turnip) seeds was performed by using 
both methanol-chloroform mixture and supercritical fluid extraction techniques. The quantitative analysis of the seed 
composition was carried out to demonstrate the effectiveness of the developed method. The detection limits were determined 
using a mixture of ten standard fatty acids and were found to be 3 ng of each acid per spot. 
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1. Introduction 
Interest towards some well-known Brassica species, such as Brassica rapa and Brassica napus, is due to their 
chemical composition, including fatty acids, components of triacylglycerides. Among the fatty acids of rape oil 
prevailed monounsaturated acids of oleic group with traces of di- and triunsaturated fatty acids. The oxidation 
stability of Brassica species is important for the production of methyl and ethyl ethers of fatty acids as an alternative 
fuel for diesel engines [1]. 
The fatty acid composition of the oil of Brassica species is characterized by the high content of erucic acid. Since 
erucic acid is nutritionally undesirable, its removal has been one of the most important breeding objectives for 
rapeseed. Physiological investigation has confirmed that the content of glycerides of erucic acid in nutritive products 
must be reduced to minimum [2]. These conditions have led to the development of erucic-free rape seeds or those 
with low erucic content, in which toxic fatty acids have been replaced with oleic acid by selection methods.  
The rapid and accurate method is desirable for a routine analysis of the fatty acid composition of the new selected 
species. Conventional instrumental methods, such as GC or GC-MS techniques, are reliable and sensitive, but 
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 involve time and reagent consuming derivatization [3,4]. Alternatively, liquid chromatography coupled with MS has 
also been used for the identification of fatty acid content [5,6].  
The matrix-assisted laser desorption/ionization mass spectrometry has been extensively used for the analysis of 
large and medium-size molecules [7]. The detection of small molecules, such as fatty acids, by using common 
matrices, is complicated due to the intensive contamination in the low range of mass spectra with matrix-related ions 
[8]. Nowadays this problem has been resolved by developing a new method based on the application of a high 
molecular weight matrix and sample derivatization with sodium or cesium acetate [9,10]. Graphite is one of the 
possible compounds for the formation of carbon-based supports for the surface-assisted laser desorption/ionization 
(SALDI) mass spectrometry [11-13]. Typically, sucrose or glycerol are also added to carbon-based “matrices” to 
prevent ion source contamination with unfixed carbon particles [14,15]. In this paper the authors show that SALDI 
using powdered carbon aerogels with a neutral surfactant as supporting material is a sensitive and simple method for 
a rapid qualitative and quantitative analysis of underivatized fatty acids. 
 
2. Experimental 
2.1. Chemicals 
Myristic (14:0), palmitic (16:0), stearic (18:0), oleic (18:1), linoleic (18:2), linolenic (18:3), arachidic (20:0), 
gondoic (20:1), arachidonic (20:4),  beheic acids (22:0), surfactant Triton X-100 and gallic acid were received from 
Sigma (Stenheim, Germany). Concentrated standard solutions were prepared in methanol or chloroform and kept at 
-18 °C. Carbon aerogels were synthesized in our laboratory according to the procedure described in [16] and then 
powdered in a ball mill to receive a particle size of 10-30 nm. All solvents were MS-grade and purchased from 
Sigma-Aldrich (Steinheim, Germany). Seeds of winter varieties of Brassica («Helix 2008» for Brassica rapa and 
«Silvia 2008» for Brassica napus) were received from Jõgeva Plant Breeding Institute, Estonia  
2.2. Solvent extraction (SE) 
For the extraction 4 ml of a methanol-chloroform (1:1 v/v) mixture was added to 200 mg of blended sample 
seeds. The mixture was left at room temperature for 10 min and sonicated for 20 min. Then mixture was centrifuged 
for 10 min (5000rpm). The collected supernatant was evaporated to dryness by a rotary vacuum evaporator. Finally, 
the residue was re-dissolved in 2 ml of the methanol-chloroform mixture (1:1 v/v). The extracts were placed on the 
SALDI plate without further dilution.  
2.3. Supercritical fluid extraction (SFE) 
The supercritical CO2 extraction was conducted in the self-assembled equipment consisting of an HPP 4001 high-
pressure pump (Czech Republic), an Intersmat IGC 121 C FL thermostat (France), and the 10 ml high-pressure cell 
constructed in our laboratory. CO2 (99.8%) was obtained from Eesti AGA.  
An appropriate amount of sample seeds was blended. 200 mg of the sample was weighed and placed into the high-
pressure cell. The system was sealed, the pressure set to 350 bar and thermostat to 46 °C. The system was filled with 
CO2 and left to stabilize for 10 minutes. Then the CO2 flow was opened for 1.5 h after which the CO2 container was 
closed and the system was let to empty from CO2.  
The fatty acid extract was collected into methanol. After the extraction methanol was evaporated to dryness and left 
to be dissolved in  2 ml of the  methanol/chloroform mixture (1:1 v/v). 
2.4. Surface-assisted laser-desorption ionization mass spectrometry (SALDI MS) 
The stainless steel SALDI plate was sonicated in ethanol for 20 minutes and then dried. The powdered carbon 
aerogel was mixed with isopropanol. 1 µl of the mixture was disposed on the SALDI plate and dried. Then the same 
amount of a fixing agent (3% Triton X-100 in methanol) was added. Finally, 1 µl of the sample was added on the 
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top of the spot and dried at room temperature. For analysis of seed extracts an appropriate amount of the internal 
standard was added to the extract solution, mixed and then 1 µl of the mixture was placed on the plate. This method 
of sample preparation was chosen regarding to the better results in terms of mass spectrometric pattern and signal 
intensities. SALDI-TOF MS analyses were preformed employing a delayed extraction negative-ion reflector mode 
on the Bruker Autoflex II mass spectrometer (Bruker Daltonics) equipped with a nitrogen laser (337 nm). The laser 
power was set to obtain the good resolution and signal/noise ratio (approx. 40%). The low-mass range (150-600 
m/z) was scanned and each spectrum was the average of 50 shots.  
 
3. Results and discussion 
3.1. Effect of the fixing agent 
Figure 1A shows the SALDI mass spectra of five fatty acids obtained by applying the powdered carbon aerogel – 
isopropanol suspension. The matrix background peaks (carbon clusters and carbon powder impurities) are 
remarkably intensive and have increasing laser energy. The intensities of these ion peaks also increase. However, 
the laser power adjusting allows the formation of the relatively clean mass spectra above m/z 200 as well as 
detection of the peaks all five acids. The peaks at 227, 255, 281, 283 and 311 m/z correspond to the deprotonated 
molecules of myristic, palmitic, oleic, stearic and arachidic acids, respectively.  As mentioned above, some 
compounds should be added to SALDI as a supporting material to eliminate ion source contamination. In the present 
research, the neutral surfactant, Triton X-10, was examined at different concentrations (1-10%) as an adhesive 
compound in the SALDI matrix suspension. As Figure 1B shows, the Triton X 3% solution is able to fix carbon 
particles on the SALDI plate and, moreover, suppress all undesirable background peaks without a significant 
suppression of the peak signals of the analyte. A peak at 205 m/z (marked as FA) corresponds to the fixing agent’s.  
When applying a lower concentration of the surfactant (below 3%). the background peaks still interrupted the mass 
spectrum. The concentration of the fixing agent above 3% strongly affected the sample peak intensities and towards 
10%, totally absorbed the laser UV energy, preventing energy transfer from the carbon material to sample analytes.   
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Fig. 1. The mass spectra of five fatty acids obtained with (A) carbon aerogel and (B) carbon aerogel with a fixing agent. Peaks (M-H)-:  m/z 
227 – C14, m/z 255 – C16, m/z 281 – C18:1, m/z 283 – C18,  m/z 311 – C20 and FA – fixing agent. Mass spectrometric  conditions are the same 
for both the spectra. The sample concentration is 0.3 mg/ml of each fatty acid. 
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The sensitivity of the method was studied with analysis of the standard mixture of ten saturated and unsaturated 
fatty acids. Obviously, the detection limit of each analyte strongly depends on the analyte’s chemical stability and 
volatility of the compounds. Moreover, powdered aerogel particles distribute unevenly and due to this the intensity 
of the analyte’s peak can vary.  Figure 2 presents the mass spectra of the standard mixture at two different 
concentrations. The most satisfactory results were obtained using the standard mixture containing 30 µg/ml of each 
fatty acid (Fig.2A). All ten analytes were clearly detected and they dominated in the respective spectrum. The 
mixture diluted tenfold (3µg/ml) gave the mass spectrum presented in Figure 2B. The minor peaks correspond to 
arachidonic (m/z 303), arachidic (m/z 311), gondoic (m/z 309) and beheic (m/z 339) acids could be easily detected 
(Fig.2C) (S/N ratio = 25 for m/z 339), due to a clear spectrum background.  The detection limits for the other six 
fatty acids were found to be 10 times lower or 300 ng/ml (mass spectrum not presented).  
 
3.3. SALDI MS quantitative  analysis of the Brassica seeds obtained by using different extraction methods  
As a rule, the quantitative determination of compounds using laser desorption/ionization techniques has critical 
imperfections and its application to accurate analysis is limited by several factors. The main factor is associated with 
sample preparation and analyte distribution on a SALDI plate that in own turn considerably influences spot-to-spot 
and shot-to-shot reproducibilities. One possibility to compensate for the lack of accuracy is the introduction of an 
internal standard (IS) into the sample solution. In the present study, gallic acid (MW 170.12) was found to be 
suitable as an IS for the quantitative characterization of fatty acids. The use of the fixing agent peaks for this 
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Figure 2. SALDI mass spectra of the mixture of ten standard fatty acids obtained at different sample concentrations: (A) 30 ng of each acid 
per spot; (B) 3 ng of each acid per spot; (C) 3 ng of each acid per spot (enlarged m/z region 300-340). Peaks interpretation as in Fig. 1 and 
Section 3.2. 
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purpose failed due to the very low signal intensity of the surfactant peaks which was probably caused by the signal 
interference of co-extracted compounds.  
To obtain reliable data, each value of the analyte/IS ratio was accumulated from 10 different points in a spot by 
using 50 laser shots. This procedure was repeated five times and relative standard deviations (RSD) were calculated 
for each fatty acid identified. The results obtained were indicative of the dependence of RSD values from the 
analyte/matrix ratio. The analysis of the extract of both Brassica species obtained by using the SFE method showed 
the intensity of peaks to be relatively low and the calculated percentage RSD values of same ratio exceeded 40% 
(data not shown). This circumstance made the results not suitable for objective characterization of the seed extracts. 
The authors explain this by the incompleteness of the SFE protocol that led to the poor yield of failure to obtain free 
fatty acids. The optimization of the supercritical extraction with CO2 is under way.  
At the same time, analysis of the mass spectra of the samples obtained by the methanol/chloroform mixture 
extraction enabled a quantitative analysis of the fatty acids contained in different Brassica species. As shown in 
Table 1, in case of both seed species, the highest values of the analyte/IS signal ratio were achieved for five fatty 
acids, viz. palmitic, stearic, oleic, linoleic and linolenic acids. The RSD values of the ratio were lower than 9%. The 
major fatty acids found in the extracts were unsaturated stearic and palmitic acids. The results obtained were in 
accordance with literature data [17]. On the other hand, in case of Brassica rapa seeds the analyte/IS ratio was 
higher for most fatty acids. This is indicative of the higher oil content of these seeds. The fatty acids, which are 
present in the extracts in appreciably lower concentrations, can be qualitatively identified with high accuracy. 
Heneicosanoic acid was found in negligible amounts only in Brassica napus seeds. Toxic erucic acid was not 
detected in either sample.  
 
Table 1. The content of fatty acids in plant seeds (based on analyte/internal standard peak intensities) 
 
Fatty acid MW Brassica rapa (*RSD%) 
 
Brassica napus (*RSD%) 
Palmitic 16:0 256 3.86 (5.6) 2.07 (7.3) 
Stearic 18:0 284 3.57 (8.8) 0.44 (6.5) 
Oleic 18:1 282 35.20 (7.1) 15.36 (1.2) 
Linoleic 18:2 280 20.69 (5.2) 7.02 (4.8) 
Linolenic 18:3 278 7.66 (5.5) 2.40 (7.9) 
Arachidic 20:0 312 0.03 (29.9) 0.02 (43.9) 
Gadoleic 20:1 310 0.07 (42.9) 0.06 (20.4) 
Heneicosanoic 21:0 326 Not found 0.01 (16.7) 
Behenic 22:0 340 0.004 (21.6) 0.02 (19.8) 
Erucic 22:1 338 Not found                                                               Not found                                                      
*(n=5) 
 
4. Conclusions 
The application of the simple SALDI MS method to the analysis of low-mass molecules was demonstrated using the 
powdered carbon aerogel particles fixed on the plate by a neutral surfactant. That kind of a supported SALDI 
surface enables a sensitive and rapid investigation of underivatized fatty acids in different oil–containing plant 
seeds. A comparison of the two different extraction methods - supercritical CO2 and solvent extraction, was 
discussed. The latter proved to be more advantageous. To demonstrate possibilities of the method developed a 
qualitative characterization of the fatty acid present in Brassica seeds was carried out by introduction of the inner 
standard into the extract solution and measuring the peak intensities of the analyte/inner standard ratio. The 
percentage values of RSD for the major fatty acids were found to be below 9%. 
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